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(57^ An OFDM modulator is disclosed which com- 
prises a modulator for nriodulating an input symbol 
stream into OFDM modulated subcarrier signals and a 
circuit for including a level-raised reference subcarrier 
signal tor each symbol in the OFDM subcarrier signals. 
The reference subcarrier signals are used for synchro- 
nization in an OFDM demodulator. Each of the reference 
subcarrier signals is assigned to the center subcarrier 
of the OFDM subcarrier signals. In OFDM demodula- 
tion, an AGC (automatic gain control) circuit controls the 
level of received OFIDM modulated subcarrier signals at 
a raised tracking rate through the peak detection of ref- 
erence subcarrier signals in the received OFDM modu- 
lated subcarrier signals. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a synchronizing 
system and method in the OFDM (orthogonal frequency 
division multiplex) modulation communication system. 

2. Description of the Prior Art 

The OFDM is a digital modulation method pemnit- 
ting an audio or image signal to be effectively transmit- 
ted by including a multiplicity (e. g.. 256 to 1024) of sub- 
carriers in a single-channel frequency band. In a fre- 
quency spectrum of each channel in a conventional 
OFDM (see FIG. 1 ). the subcarriers are disposed at nar- 
row and even frequency intervals. Thus, the wave form 
of OFDM modulated signal is almost the same as that 
of white noise, making it difficult to obtain information on 
the frequency or phase from the OFDM modulated sig- 
nal and reproduce pilot carriers which are necessary for 
the demodulation. 

Also, since the signal is multi-value QAMed in an 
OFDM system, information is carried in the amplitude of 
the demodulated signal. For this reason, the level of the 
demodulated signal has to be stabilized. A change in 
the demodulated signal level during a symbol period has 
to be kept as small as possible. In order to achieve this, 
a highly stable AGC (automatic gain control) circuit is 
necessary, which in turn needs a reference signal for 
the amplitude of the OFDM demodulated signal. 

Some techniques have been proposed to solve the 
above mentioned problems. 

One such technique is disclosed in the Proceedings 
of NHK Technical Laboratory Open Research. 1992. at 
pages 28-36. In this technique, an unmodulated subcar- 
rier (or pilot carrier) 1 9 is added to the OFDM signal sub- 
carriers in the transmitter side as shown in FIG. 2. and 
the frequency and the phase of the pilot carrier are de- 
tected to synchronize the whole OFDM subcarriers in 
frequency and phase for orthogonal demodulation in the 
receiver side. 

Japanese Patent Unexamined Publication No, 
Hei7-95174 (1995) discloses a phase synchronizing 
technique without the need of any subcarriers. A phase 
synchronization of the whole system is achieved by de- 
tecting the phase difference between received data and 
a reference data with using operation result of receiver 
FFT (Fast Fourier Transform) and controlling the carrier 
frequency and phase of the orthogonal demodulator in 
the receiver through a voltage-controlled oscillator 
(VCO) on the basis of the detected phase difference. In 
this technique, there is no need of inserting any special 
reference carriers such as pilot signals in the modulator 
of the transmitter 

However, using a subcarrier outside of the OFDM 



spectrum for frequency and phase synchronization has 
the advantage that the subcarrier is hardly interfered by 
the other subcarriers but lowers the efficiency of fre- 
quency use. spoiling a major feature of the OFDM or a 

5 high efficiency of frequency use. Further, the outside 
subcarrier may affect adjacent other spectrum. 

As for the technique in which phase synchronization 
is achieved with the result of FFT operation without us- 
ing any subcarrier, frequency synchronization which is 

10 to be achieved before phase synchronization may be 
difficult, and there is a drawback that data necessary for 
phase synchronization is only obtained every operation 
cycle of FFT circuit. 

As for the above mentioned AGC circuit, there is a 

IS conventional circuit as shown in FIG. 3. In this circuit, 
all the OFDM modulated waves have the envelope 
thereof detected by an envelope detector 30 to yield an 
OFDM level or AGC voltage, which is passed through a 
low pass filter (LPF) 31 with a sufficiently low cut-off fre- 

20 quency so as not to be affected by the modulated waves 
and which controls a voltage-controlled amplifier (VGA) 
28. 

However, since the time constant of the closed loop 
in the circuit can not made small, this circuit can not pro- 
25 vide a stable and fast AGC to the OFDM modulated 
waves in which the modulation level may changes large- 
ly every symbol period. 

SUMMARY OF THE INVENTION 

30 

It is an object of the invention to provide an OFDM 
communication system which is capable of frequency 
and phase synchronization without being interfered by 
other subcarriers or degrading the efficiency of frequen- 
ts cy use in the OFDM and which has an improved AGC 
characteristic. 

The foregoing object is achieved by an OFDM mod- 
ulator which comprises a modulator for modulating an 
input symbol stream into OFDM modulated subcarrier 
40 signals and a circuit for including a level-raised refer- 
ence subcarrier signal for each symbol in the OFDM 
subcarrier signals. The reference subcarrier signals are 
used for synchronization in an OFDM demodulator 
In an illustrative embodiment, each of the reference 
45 subcarrier signals is assigned to the center subcarrier 
of the OFDM subcarrier signals. 

An OFDM demodulator comprises an AGC (auto- 
matic gain control) circuit for controlling the level of re- 
ceived OFDM modulated subcarrier signals at a raised 
50 tracking rate through the peak detection of reference 
subcarrier signals in the received OFDM modulated 
subcarrier signals. 

BRIEF DESCRIPTION OF THE DRAWING 

55 

Further objects and advantages of the present in- 
vention will be apparent from the following description 
of the preferred embodiments of the invention as illus- 
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trated in the accompanying drawings. In the drawing, 

FIG. 1 is a diagram showing a power spectrum of 
the modulated waves in a conventional OFDM com- 
munication system; 

FIG. 2 is a diagram showing a power spectrum of 
the modulated waves including a pilot carrier in a 
conventional OFDM communication system; 
FIG. 3 is a block diagram showing an arrangement 
of a conventional AGC circuit: 
FIG. 4 is a block diagram showing an exemplary ar- 
rangement of a conventional OFDM transmitter/re- 
ceiver; 

FIG. 5 is a block diagram showing an illustrative em- 
bodiment of a OFDM modulating and demodulating 
system according to the present invention: 
FIG. 6 is an exemplary spectrum of OFDM modu- 
lated signals according to the present invention; 
FIG. 7 is an exemplary arrangement of the carriers 
in the embodiment of FIG. 5; 
FIG. 8 is graphs showing OFDM demodulation by 
means of FFT (Fast Fourier Transform) ; 
FIG. 9 is a diagram showing a constellation of the 
OFDM system in case of the presence of frequency 
deflection: 

FIG. 10 is a block diagram showing, in a detailed 
form, the carrier detector or a reference carrier re- 
producing circuit using a PLL (phase locked loop) 
of the OFDM system of FIG. 5: 
FIG. 11 is a block diagram showing, in a detailed 
form, the IF amplifier or an AGC circuit of the OFDM 
system of FIG. 5: and 

FIG. 1 2 is a flow chart showing a series of operation 
for generating OFDM modulated subcarrler signals 
including a level-raised reference subcarrler signal. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

To facilitate a better understanding of the present 
invention, a brief description of the conventional OFDM 
system will be provided. Then the departures provided 
by the present invention and illustrative embodiment of 
the invention will be described. 

Conventional OFDM System 

FIG. 4 is a block diagram showing an exemplary ar- 
rangement of a conventional OFDM transmitter 40 and 
receiver 45. In FIG. 4, the OFDM transmitter 40 com- 
prises an input circuit 400 for converting an input data 
stream Into low bit-rate complex symbol streams, an 
I FFT (Inverse Fast Fourier Transform) circuit 402, a 
guard interval adder 404 tor adding guard intervals, and 
a D/A converter & LPF (low pass filter) 406 for convert- 
ing the complex data stream into a base-band data 
stream, all of which are serially connected. The OFDM 
transmitter further comprises an IF (intermediate fre- 



quency) generator (IF GEN) 408 for generating IF sig- 
nals, an orthogonal modulator 41 0 for orthogonally mod- 
ulating the output of the element 406 with I F signals from 
the I F GEN 408 and providing OFDM modulated signals 

s (including above mentioned pilot carriers), a frequency 
converter 412 having its input connected to the output 
of the orthogonal modulator 410 and a transmitter 414 
for transmitting the output of the frequency converter 
412 Into the transmission path. 

10 The OFDM receiver 45 comprises a receiver 450 
for receiving a signal from the transmission path, a fre- 
quency converter 452 and an IF amplifier 454. whbh are 
connected In series. The receiver 45 further comprises 
a carrier detector 455 for detecting the pilot carriers In 

IS the output of the IF amplifier 454, an intermediate fre- 
quency signal generator (IF GEN) 456 for generating IF 
signals on the basis of the detected carriers, an orthog- 
onal demodulator 458 for denrKXlulating the output of the 
IF amplifier 454 with the IF signals from the IF GEN 456. 

20 an A/D converter (A/D) 460, a guard interval remover 
462, an FFT (Fast Fourier Transform) QAM (quadrature 
amplitude modulation) decoder 464, and an output cir- 
cuit 466 for providing a decoded output, the elements 
mentioned after the orthogonal demodulator 458 being 

2S connected in series. The detection of pilot carriers by 
the carrier detector 455 is achieved according to any of 
such technique as described above. 

OFDM System According to the Present Invention 

30 

FIG. 5 is a block diagram showing an illustrative em- 
bodiment of a OFDM modulating and demodulating sys- 
tem according to the present invention. As seen from 
the comparison between FIGs. 4 and 5, the OFDM 

35 transmitters 50 and 40 are identical except that a signal 
adder 510 adds to the orthogonal modulator 410 output 
a center carrier which has been generated by an IF GEN 
508 and level-adjusted by a level adjuster 509 in the 
OFDM transmitter 50; and the OFDM receivers 55 and 

40 45 are identical except that the AGC circuit (IF amplifier) 
454 and the carrier detector 455 have been replaced 
with an AGC circuit (IF amplifier) 554 and a carrier de- 
tector 555. 

FIG. 6 is an exemplary spectrum of OFDM modu- 
45 lated signals of the OFDM system of FIG. 5. In FIG. 6, 
the horizontal axis indicates the frequency, the vertical 
axis indicates the power, and a subcarrier 6 is a center 
subcarrier In the folbwing description, it Is assumed 
that the symbols are, e, g.. 256 QAMed every 2.6 ms 
so with 257 subcarriers including a reference carrier which 
is the center subcarrier of the 257 subcarriers with a fre- 
quency of 10.7 7 MHz for example; the FFT size is 512 
points; and the transmission band width is 100 KHz for 
example. 

ss In operation, the input circuit 400 receives digital da- 
ta to send and adds error correcting codes if necessary. 

If the data comprises 4 bits, the data can be trans- 
mitted as a 16-level signal, in this example, each of the 
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subcarriers have 16 levels defined in the amplitude di- 
rection and 16 levels defined in the angular direction. A 
method of transmitting information through 256 (= 16 x 
1 6) combinations of amplitude and angle levels is called 
256 QAM (quadrature amplitude modulation). 

FIG. 7 shows an exemplary arrangement of the sub- 
carriers in the OFDM spectrum of the embodiment of 
FIG. 5. In FIG. 7, a carrier arranged at the center fre- 
quency is called subcarrier 0 or the center subcarrier. 
The subcarriers on the right of the center carrier are 
called from the most central one subcarrier 1 , subcarrier 

2, , subcarrier 128, and the subcarriers on the left of 

the center subcarrier are called from the most central 
one subcarrier -1, subcarrier -2 subcarrier -128. 

In this embodiment. 248 subcarriers among the 257 
carriers are used for information transmission. One of 
the remaining 9 subcarriers is used as a center subcar- 
rier or a reference subcarrier for OFDM demodulation. 
The remaining 8 subcarriers are used for the calibration 
of received signal and the transmission of other auxiliary 
signals. Each of the 248 subcarriers used for information 
transmission is 256-QAMed with a byte (4 bits x 2) of 
information. 

The IFFT circuit 402 applies a 256 QAM to each of 
the 248 subcarriers and provides a 256-QAMed output 
as a real (R) component and an imaginary (1) compo- 
nent. The R and I components have guard intervals add- 
ed thereto by the guard interval adder 404 and convert- 
ed into analog R and I signals and filtered by the D/A 
converter & LPF 406. The filtered analog R and I signals 
are supplied to the orthogonal modulator 410 and or- 
thogonally modulated into an OFDM modulated signal 
as shown in step 120 of FIG. 12. FIG. 12 is a flow chart 
showing a series of operation for generating OFDM 
modulated subcarrier signals including a level-raised 
reference subcarrier signal. 

The intermediate frequency signal generator (IF 
GEN) 508 generates IF signals and the center subcar- 
rier signal with a frequency of subcan-ier 0 in step 121 
The center subcarrier or the synchronizing carrier has 
the level thereof adjusted by the level adjuster 509 to a 
constant level 8 to 20 dB higher than the maximum mod- 
ulation level of the other subcarriers in step 122, and is 
supplied to the signal adder 510, which adds the level- 
adjusted center subcarrier to the OFDM modulated sig- 
nal from the orthogonal modulator 410 in step 123. 

The OFDM modulated signal has its frequency con- 
verted by the frequency converter 412 into a transmis- 
sion frequency band, and is transmitted through the 
transmitter (a linear amplifier) 414 and an antenna (not 
shown). 

We discuss how to dispose the reference subcarrier 
at the center of the subcarriers in the following. The ref- 
erence carrier can be generally arranged in either of the 
following two ways. 

One is a digital method in which the center carrier 
is generated by defining subcarrier 0 as carrier data not 
to be modulated in the IFFT stage. Though the center 



subcarrier can be generated without the need of any ad- 
ditional circuit in this digital method, the level of the cent- 
er subcarrier which can be digitally defined is limited. 
The other one is a analog method in which a level- 

5 adjusted clock signal with a frequency of the center sub- 
carrier is add to the OFDM modulated signal from the 
orthogonal modulator 410. According to the analog 
method, the reference carrier can be set at a level higher 
than the digitally definable maximum subcarrier level if 

10 the phase jitter of the reference subcarrier reproduced 
in the OFDM receiver 55 has to be kept under a preset 
value by making larger the difference between the ref- 
erence subcarrier level and the level of the other sub- 
carriers. Therefore, the analog method has been adopt- 

is ed to the present embodiment. 

In the OFDM receiver 55 of FIG. 5. the OFDM mod- 
ulated signal is received and passed by the receiver 450 
to the frequency converter 452, where the signal is con- 
verted to an IF signal, which is amplified by the IF am- 

20 piifier 554. The output of the IF amplifier 554 is supplied 
to the carrier detector 555 and the orthogonal demodu- 
lator 458. 

The carrier detector 555 supplies a synchronous 
signal to the IF GEN 456 in response to the IF amplifier 
2S 554 output. The IF GEN 456 generates and supplies an 
IF signal to the orthogonal demodulator 458. The or- 
thogonal demodulator 458 demodulates the IF amplifier 
554 output into rial (R) and imaginary (I) base band sig- 
nals, which are converted by the A/D converter 460 into 
30 R and I digital signals, which have the guard intervals 
removed by the guard interval remover 462. and are 
passed to the FFT (QAM decoder) 464 and then to the 
output circuit 466. yielding a decoded output. 

We discuss how the reference carrier is reproduced 
55 in OFDM demodulation in the following. 

The demodulation of OFDM signal is achieved 
through FFT (Fast Fourier transform). This process is 
equivalent to sampling, abng the frequency axis, the 
OFDM signal in which the spectra of sin(x)/x have been 
40 overlapped one another as shown in FIG. 8. 

As seen from FIG. 8, if there is a deflection between 
the reference subcarrier in the transmitter 50 and the 
subcarrier reproduced in the OFDM receiver 55, the 
sampled signal will include other sub-band components, 
4S resulting in a displacement in the demodulated data. 
This means the collapse of the orthogonal relation be- 
tween the 1 and Q axes and causes a rotation of the I 
and Q axes of a constellation as shown in FIG. 9. If the 
rotation exceeds a certain threshold, then errors will oc- 
so cur 

Assuming that the reproduced subcarrier deflection 
which begins causing data errors to occur to be E (rad) 
and that the deflection E is such that the 1 and Q axes 
reaches a threshold of the next areas on a constellation 
ss defined by the 256 QAM, we obtain E = n/48. 6 (rad). 
Being converted into a period of time in the reference 
subcarrier frequency fo = 1 0.7 MHz, the value e is equiv- 
alent to 1/(10.7 X 106) X (jt/4e. 6)/27i = 0. 96 ns. This 
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means that the phase jitter of the reproduced reference 
subcarrier has to be limited to 0.96 ns. 

Then we discuss the modulation level of the refer- 
ence subcarrier to add to the OFDM modulated signal 
in the following. 

If the reference subcarrier signals are reproduced 
by extracting only the reference subcarriers in a noisy 
input signal (OFDM modulated signal in this embodi- 
ment) by using a PLL (phase-locked loop) as shown in 
FIG. 10. the phase jitter is logically obtained by the fol- 
lowing equation: 



= 8.58 X 10"^. (7) 

Equation (2) can be written = a*No*Bi. Replacing Bi 
with the noise band of the PLL loop. BL, we obtain 

A^' = a*No*BL (8) 

Substituting the values of equation (4) and (6) and BL = 
10 (Hz) in equation (8) gives 



10 



5<ti^=No*Bi/A^, (1) 

where No is an input noise spectrum, Bi is an input noise 
band, and A^ is the noiseless signal power. 

The ratio of input signal to noise, a, is defined as: 

a = A^/(No*Bi) (2) 

From equations (1) and (2). ^ is expressed with a as 
follows: 

^ = a"*^ ^ (3) 
Therefore, for ^ = 7c/48.6. we obtain 

a = 239 (23. 8 dB). (4) 

In order to find the modulation level of the reference 
subcarriers to add. we will calculate the average power 
of 256-QAM OFDM signal and the average power per 
subcarrier in the following. 

Considering 256 QAM, 512 FFT size and 257 sub- 
carriers, and assuming that each of I and Q phases 
takes any of the values ±1, ±3, ±5. ±7. ±9. ±11, ±13, 
and ±15 which will occur with the same probability, we 
obtain the average power Eave: 

Eave = 0.083 (5) 

Regarding Eave as the input noise spectrum density, 
since the transmission band is 100 KHz. it follows that 

No = 8.3x10"^. (6) 

Also, assume that when each of the I and Q phases 
of a subcarrier takes the maximum value +1 5 (the max- 
imum value that the 512-point I FFT can provide) the 
voltage level of the subcarrier becomes 0 dB. then the 
noiseless signal power is expressed as 



A^'= 1. 98x 10"^. 

Thus it follows A2VA2 = 2.31 . Therefore, in order to re- 
alize equation (4) it is necessary to set the voltage level 
of the reference subcarrier for at least 7.3 dB. 

We have calculated the reference subcarrier level 
on the assumption that the cause of degradation in the 
error rate lies only in the phase jitter of the reference 
subcarriers, However, there are other causes in fact. For 
this reason, assuming that the allowable phase jitter is 
a half of the above mentioned value G = ji/48.6, a series 
of above described calculations for the subcarrier level 
to add yields 19.3 dB. 

The phase jitter can be limited to a target level with 
a lower reference subcarrier level by narrowing the 
noise band of the PLL loop. However, setting the noise 
band of the PLL loop for less than 10 Hz will lead to a 
degradation of lock range characteristic. From this point 
of view, the reference subcarrier level is preferably at 
least 15 dB. 

Here we discuss the problem of an increase in the 
average power of all the OFDM modulated signals with 
an increase in the reference subcarrier level. The power 
of ait the OFDM modulated signals with an increase of 
20 dB in voltage in the modulation level of only one of 
the 257 subcarriers results in an increase of only about 
4 %. Thus, an increase of 20 dB in voltage in the refer- 
ence subcarrier level is so small that it cause no prob- 
lem. 

FIG. 11 is a block diagram showing an exemplary 
arrangement of the IF amplifier (an AGO circuit) 554 of 
the OFDM system of FIG. 5. In FIG. 11 , a narrow band 
filter 1 1 1 (such as a crystal filter) whose center frequen- 
cy equals the frequency of the reference subcarriers ex- 
tracts information on the reference subcarrier amplitude 
from the OFDM modulated signals. A peak detector 1 1 2 
detects a peak value from the information from the filter 
1 1 1 . An error detector 1 1 3 provides a voltage-controlled 
amplifier (VGA) 110 with an error signal based on the 
comparison between the peak value and a predeter- 
mined value. The error signal is so controlled as to raise 
the gain of the VGA if the peak value is lower than the 
predetermined value and to lower the gain if the peal 
value is higher than the predetermined value. 
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Since the reference subcarrier level has been set 
15 dB higher than the other subcarriers as described 
above, the VCA is controlled at a raised speed through 
peak detection without the need of envelop detection as 
is done in the prior art. 

As described above, the reference subcarrier level 
has to be set at least about 8 dB higher than the other 
subcarriers but is preferably set less than 20 dB in order 
to limit the increase in the total power of OFDM signals 
to less than 4 %. Thus, it is preferable to set the refer- 
ence subcarrier level 8 to 20 dB higher than the other 
subcarriers. 

It should be noted that though the reference sub- 
carrier has been assigned to the center subcarrier of the 
subcarriers in the above illustrative embodiment, the ref- 
erence subcarrier may be assigned to any of the sub- 
carriers. 

Many widely different embodiments of the present 
invention may be constructed without departing from the 
spirit and scope of the present invention. It should be 
understood that the present invention is not limited to 
the specific embodiments described in the specification, 
except as defined in the appended claims. 



Claims 

1 . An OFOM modulator which facilitates the detection 
of reference subcarrier signals in OFDM modulated 
subcarrier signals in a OFDM demodulator, the 
OFDM modulator comprising: 

means for modulating an input symbol stream 
into said OFDM modulated subcarrier signals; 
and 

means for including a level-raised reference 
subcarrier signal for each symbol in said OFDM 
modulated subcarrier signals. 

2. An OFDM modulator as defined in claim 1 . wherein 
said means for including a level-raised reference 
subcarrier signal comprises: 

means for adding a level-raised center sub- 
carrier signal for each symbol to said OFDM mod- 
ulated subcarrier signals. 

3. An OFDM modulator as defined in claim 2, wherein 
said means for adding a level-raised center subcar- 
rier signal includes: 

means for setting the level of said level-raised 
center subcarrier signal 8 to 20 dB higher than a 
maximum modulation level of the other OFDM mod- 
ulated subcarrier signals. 

4. An OFDM modulator as defined in claim 2, wherein 
said means for adding a level-raised center subcar- 
rier signal comprises: 



means for generating a signal with a center fre- 
quency of said OFDM modulated subcarrier 
signals, that is, a center subcarrier signal: 
means for setting the level of said center sub- 
s carrier signal 8 to 20 dB higher than a maximum 

modulation level of the other OFDM modulated 
subcarrier signals to output said level-raised 
center subcarrier signal; and 
means for adding said level-raised center sub- 
to carrier signal to said OFDM modulated subcar- 
rier signals. 

5. An AGO circuit for use in an OFDM demodulator, 
comprising: 

IS 

means for detecting peak values of level-raised 
reference subcarrier signals in OFDM modulat- 
ed subcarrier signals: and 
means operative on the basis of a comparison 
20 between said peak values and a predetermined 

value for controlling the level of said OFDM 
modulated subcarrier signals at a raised track- 
ing rate. 

2S 6. An OFDM demodulator having an improved AGO 
characteristic, comprising: 

means for detecting peak values of level-raised 
reference subcarrier signals in OFDM modulat- 
ed ed subcarrier signals; and 

' means operative on the basis of a comparison 
between said peak values and a predetermined 
value for controlling the level of said OFDM 
modulated subcarrier signals at a raised track- 
35 ing rate. 

7. An OFDM modulating method which facilitates the 
detection of reference subcarrier signals in OFDM 
modulated subcarrier signals in a OFDM demodu- 

40 lator, the method comprising the steps of: 

modulating an input symbol stream Into said 
OFDM modulated subcarrier signals: and 
including a level-raised reference subcarrier 
45 signal for each symbol in said OFDM modulat- 

ed subcarrier signals. 

8. A method as defined in claim 7, wherein said step 
of including a level-raised reference subcarrier sig- 

so nal comprises the step of: 

adding a level-raised center subcarrier signal 
for each symbol to said OFDM modulated subcar- 
rier signals. 

55 9. A method for facilitating the synchronization of ref- 
erence subcarrier signals in an OFDM communica- 
tion system, the method comprising the steps of: 
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generating a signal with a center frequency of 
OFDM modulated subcarrier signals, that is, a 
center subcarrier signal: 
setting the level of said center subcarrier signal 
8 to 20 dB higher than a maximum modulation s 
level of the other OFDM modulated subcarrier 
signals to output a level-raised center subcar- 
rier signal; and 

means for adding said level-raised center sub- 
carrier signal to said OFDM modulated subcar- io 
rier signals. 

10. A method as defined in claim 9, further comprising 
the steps of: 

IS 

detecting peak values of said level-raised ref- 
erence subcarrier signal in said OFDM modu- 
lated subcarrier signals; and 
controlling the level of said OFDM modulated 
subcarrier signals at a raised tracking rate on ^ 
the basis of a comparison between said peak 
values and a predetermined value. 
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FIG. 7 PRIOR ART 
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FIG, 4 PRIOR ART 
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